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8. Part-period balancing (PPB) 

9. Uagner-Uhitin algorithm 

10. Modified EOQ 

11. Modified least total coat. 

For detailed description of these lot sizing techniques, the 
reader is referred to the classical book on MRP by Orlicky [14]. 

Uagner-Uhit in algorithm is based on dynamic programing 
approach and yields optimal results. Its disadvantages mentioned 
in the literature are high computational burden, near 
impossibility of explaining it to average MRP user and high 
instability in the planned order schedule. 

Each of the lot sizing technique mentioned above is 

t ■ . N. 

imperfect - each suffers from some deficiencies. The factors that 
affect the relative effectiveness of the individual lot-sizing 
techniques are the following : 

1. The variability of demand 

2. The length of the planning horizon 

3. Size of the planning period 

4. The ratio of the setup and unit costs. 

Orlicky [14] states that actual relative effectiveness of a 
lot-sizing algorithm can be determined only in retrospect. 
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CHAPTER III 


METHODOLOGY FOR THE DEVELOPMENT OF CAPACITY CONSTRAINED MP.S. 

In this chapter the nethodology developed for the 
preparation of the capacity constrained HPS for HKP systea is 
discussed. Ue present in brief the production systea environaent 
for which the aethodology adopted is suitable and assuaptions 
aade in its developaent. 

3.1 Production Systea Environaent: 

The production systea under consideration produces a nuaber 
of products for aake to stock aarket. These products, asseabled 
froa several coaponents, have well defined product structure. 
They do not have optional features at any level of product 
structure. The product design has been standardised and it 
does not vary at individual custoaer’s choice. 

The basic input to UPS xs forecast of deaand of each product 
in all planning periods of the planning horizon. The HPS is 
described in teras of end iteas. 

The plant layout can be both product type and job shop type. 
The capacity of a work centre is expressed in teras of aan hours 
or aachine hours which ever is critical. 

3.2 Assuaptions: 

Following are the aajor assuaptions aade in the 
developaent of capacity constrained UPS. 
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inventory etc. This file is kept up to date by posting of 
inventory transactions. 

The primary outputs of an MRP system are as follows. 

1. Order release notices, calling for the placement of 
planned orders. 

2. List of planned orders scheduled for release in the 

future. 

3. Rescheduling notices, calling for the changes in the open order 
due dates. 

4. Item statue analysis. 

5. All the information necessary for the development of a 
closed-loop MRP system through Capacity Requirements Planning 
(CRP). 

3.8.3. MRP Processing 
3. 8. 3.1 Quantity Conversion 

Demand for an item is usually available for a 

planning period, but MRP system requires time bucket wise 
demand. The length of a planning period is usually greater than 
that of a time bucket. For example planning period can be a 

month or a quarter and time bucket can be a day or a week. 
For converting this quantity the method followed here is 
called ' Uork Day Approach ’ [10]. It determines the 

production rate per day and then multiplies it by the number of 
working days in the time bucket to obtain the demand in that 

time bucket- This conversion is based on the calender of 

factory. It contains the number of working days in each 
planning period and the time bucket period. 
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ABSTRACT 


Material Requirement Planning (MRP) has undergone 
considerable developments since its inception in 1960's. In 1970’s 
the concept of ” Closed Loop MRP ” was developed. It integrates 
MRP with master production scheduling and capacity requirement 
planning (CRP). For the effective use of an MRP system development 
of capacity constrained MPS (CCMPS) is very important. In the 
present work a system has been designed and developed for this 
purpose. The proposed system involves four basic modules. The four 
basic modules of CCMPS, viz.. Resource Requirement Planning, 
Rough Cut Capacity Planning, Material Requirement Planning and 
Capacity Requirement Planning have been developed and implemented. 
The system takes demand forecast, product structure and resource 
requirement on various work centres for each product as the basic 
inputs. A methodology has been developed to generate a feasible 
production schedule. The feasible production schedule is further- 
processed through the MRP logic to generate time phased material 
plan of each item/component. The capacity requirement planning 
module further generates time phased capacity requirements at each 
work centre for the developed material plan. 

Various lot sizing policies have been incorporated in the 
CCMPS system to schedule planned orders for each it em/component . 
Alternate MPS plans and capacity plans can be generated by 
changing the shop load factor supplied at rough cut capacity 
planning level and lot sizing tachnique applied to each 



CHAPTER IV 


DETAILS OF IMPLEMENTATION 


In this chapter, we discuss the inpleaentation of the CCMPS 
methodology presented in the previous chapter. 

4.1. Elements of System Code: 

All the four modules of CCMPS described in chapter III have 
been implemented using Turbo Pascal Version 3.01 on PC XT/AT. 
Pascal is used because it has strong data structure facility and 
long programs can be easily understood and debugged. Moreover, 
the compiled version of the program can be run on Disk Operating 
System (DOS) without using any system files. This makes it faster 
than if the program were written in any other interpretter based 
programming languages like Basics, dBase III^ . 

4.2 Design Features: 

As pointed out in chapter III, the development of MPS is 
basically a hierarchical decision making process. Each module of 
CCMPS, viz., resource requirement planning, rough cut capacity 
planning, MRP process, and capacity requirement planning can be 
run separately. However, these models should be run in proper 
order. If the system is not run in proper order then either the 
system will halt or will produce wrong results. If the results at 
any stage are not acceptable, the system can be rerun from 
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Scop* For Further Uork: 

The prep&ration of MPS, baalcally etarts fron aggregate 
planning of reaourcea. The present work can be extended to 
Incorporate it. 

2. The proposed syatem does not consider the cost implications of 
the developed MPS. System can be extended to include inventory 
coat data for the optimal selection of lot sizing policy for each 
item component. 

3. The work centre capacity is considered inflexible. The 
capability of the system could be further enhanced by 
Incorporating the work centre capacity changes through overtime 
etc . 

4. In the present work the ” Uhat-if ” capability of MRP system 
entails reprocessing of the entire MPS. This could be modified so 
that only the changes in the master schedule are processed rather 
than exploding the entire MPS. 
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ABSTRACT 


Material Requirement Planning (MRP) has undergone 
considerable developments since its inception in 1960*s. In 1970's 
the concept o£ " Closed Loop MRP " was developed. It integrates 
MRP with master production scheduling and capacity requirement 
planning (CRP). For the effective use of an MRP system development 
of capacity constrained MPS (CCMPS) is very important. In the 
present work a system has been designed and developed for this 
purpose. The proposed system involves four basic modules. The four 
basic modules of CCMPS, viz.. Resource Requirement Planning, 
Rough Cut Capacity Planning, Material Requirement Planning and 
Capacity Requirement Planning have been developed and implemented. 
The system takes demand forecast, product structure and resource 
requirement on various work centres for each product as the basic 
inputs. A methodology has been developed to generate a feasible 
production schedule. The feasible production schedule is further- 
processed through the MRP logic to generate time phased material 
plan of each it em/ component . The capacity requirement planning 
module further generates time phased capacity requirements at each 
work centre for the developed material plan. 

Various lot sizing policies have been incorporated in the 
CCMPS system to schedule planned orders for each it em/component . 
Alternate MPS plans and capacity plans can be generated by 
changing the shop load factor supplied at rough cut capacity 
planning level and lot sizing technique applied to each 



Factory Calender ; 


Current Planning Period : 1 
Current Time Bucket : 1 


Planning Period: 


No- ='•23456789 

Total Working Days: 22 23 21 23 21 20 18 19 22 


10 

S3 


11 

21 


12 

19 


13 14 

18 21 


Time Bucket: 


No. : 

Total Working Days: 


123456789 10 11 

S555554453 4 


12 14 15 

4 5 5 


No . 

Total Working Days 


16 17 18 19 20 21 22 23 24 

554534555 


With above data the system is run for to get capacity constrain ed 
MPS. The results obtained are as follows: 


Resource Requirement Planning: 

Shop Load Limit Factor : 0.85 


Over Load Work Centres : 

W.C. Code Available M/C’s Required M/C's 


M5 

14 

15 

Under Load Work 

Centres : 


W.C. Code 

Available M/C’s 

Required M/C’s 

M2 

10 

3 

M3 

11 

9 

M4 

11 

9 
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V 

iten/conponent . 

Facility has been provided for the graphical display of 
period wise capacity required vs capacity available for various 
work centres. It helps in evaluating capacity plans. 

The CCHPS system has been implemented using Turbo Pascal 
version 3.01 on PC XT/AT. 
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Itstit cods'BABS 
Safety stock: 10 


Lead time: 2 

Lot size: Lot for Lot 


Beginnitig iiiventory: 


Period: 


Gross: 1473 1473 987 1470 1272 789 1470 1074 ~792 

Sch.Recpts: 0 0 0 0 0 0 0 O n 

Net: 1383 1473 987 1470 1272 789 1470 1074 792 

Plan Recpts: 1383 1473 987 1470 1272 789 1470 1074 792 

Ending Inv.: O OOOOOOOO 

Ord. Release: 987 1470 1272 789 1470 1074 79? 0 0 

Total cost of ordering and inventory carrying : 8750.00 

Orders to be expedited : 

An order of 1383 to be released in period ~2 for regiiirenii 
An order of 1473 to be released in period -1 for requiremt 


for requirement in period 
for requirement in period 


press RETURN to continue, 


VI 


Item code:BACS Lead tinie* 1 Beginnirig inveiitory: 100 

Safety stock: 7 Lot size: Modified LTC 


Period: 

1 

2 

3 

4 

5 

6 

7 

8 
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10 
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Gross : 
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966 

966 
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0 
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0 
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Net: 
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0 

966 

966 

0 

966 

966 

0 

0 

0 

^^lan Recpts: 

873 
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0 
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966 

0 

966 

966 

0 

0 
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Endi ng In v . : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Dr d. Re lease : 

966 

0 

966 

966 

0 

966 

966 

0 

0 

0 

0 


fotal cost of ordering and inventory carrying : 250.00 


)rders to be expedited : 

>n order of 873 to be released in period -1 for requirement in period i 
Tess RETURN to continue....... 
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CHAPTER I 


IHTRODUCTION 


1.1 IfAtariAl R«quirc»«nt Plannintf: 

Hateri&l Requireiaent Planning (HRP) Syatom is a 
computer based approach to scheduling production and 
managing inventories where the decisions are linked in a very 
productive way. Basically an HRP system is a set of logically 
related procedures of decision rules and records designed to 
translate a Master Production Schedule (NPS) into time phased 
net requirements and the planned coverage of such requirements 
for each component inventory item needed to implement this 
schedule. NPS outlines the production plan for all end items. 

The management objectives of MRP are to provide ” right part 
at right time * to meet schedule for completed products. To 
achieve this, MRP time phases requirements, generates lower level 
requirements, releases planned orders and reschedules the planned 
orders. Time phasing of requirements simply establishes the time 
period in which the work must be accomplished to meet delivery 
dates of the end items as stipulated in the MPS. Planned 
order releases indicate when order should be placed for 
purchasing and manufacturing. Uhen work cannot be accomplished 
on time MRP can reschedule planned orders. Accomplishing these 
plans without excess inventory, overtime, labour or other 
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reaources Is slso iaportsnt. Thsrsfore, th« IfRP snsures that 
the pl&nning is integrated, i.e., that the correct nuaber of 
coaponents for each end itea, raw aaterial for each coaponent and 
so on is planned for each part nuaber. 

There is a basic difference in the application of 
traditional inventory control techniques and MRP. MRP systea is 
appropiate for dependent demand iteas. Demand for an itea may be 
independent or dependent. Independent means no relationship 
exists between the demand for an item and any other item, such as 
a product. Independent demand tends to be continuous and 
fluctuates because of random influences. In contrast, dependent 
means the demand for an itea is directly related to or results 
from the demand for a higher level itea. Dependent demand is not 
randoa but tends to occur in a lumpy manner at specific point in 
time. The luapiness occurs because aost manufacturing is in lots 
and all the iteas needed to produce the lot are usually withdrawn 
froa inventory at the same time, not unit by unit. Thus although 
the demand for the final product may be continuous and 
independent, the demand for the lower level items composing the 
product tends to be discrete, derived and dependent. Dependent 
demand items need not be forecasted, but can be calculated by 
the MRP system froa MPS. In manufacturing organisation 
aost inventory iteas are dependent and should be controlled by 
the MRP system. 

The effectiveness of an MRP systea lies in the attainment 
of the following objectives concurrently. 
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1. En8ur« th« availability of nateriala, coaponanta and producta 
for cuatoaer dalivery. 

2. Maintain tha lowaat poaaibla laval of invantory. 

3. Plan aanuf acturing activitiaa, dalivary achadulaa and 
purchaaa achadulaa. 

1.2 laportanca Of Faaaibla NFS : 

A Master Production Schedule (MPS) is a atateaent of 
raquiraaant for and itaaa by dates (planning period) and 
quantity [10]. MPS is typically one of tha three principal inputs 
to the MEP systaa. But whereas the other two i.e inventory status 
and product structure supply reference data to MRP process, the 
MPS constitutes the input that drives it. Thus, MPS is the priae 
input on which MRP systea depends for its real effectiveness and 
usefulness . 

In aanaging the MPS and in using it to aanage 
inventories and production the following basic law should always 
be observed. 

" The MPS should be a stateaent of what can and will be 
produced rather than what aanageaent wishes and had been produced 
in the past and/or would like to be able to produce in iaaediate 
future "[22]. 

Decisions are dictated through MPS at various levels of 
aanageaent and it relates to and involves aany coapany personnel. 
Top aanageaent wants to review planned production against 
production targets. They also want to have a long tera review of 
when existing labour and aachining capacity will be 
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«xc««<l*<i. Operation nanaftenent would like to know in advance when 
overt iae or an extra ahift is required to meet deaand. 
Inventory nanageaent wants to see the iapact of planned production 
against the anticipated deaand on the level of inventory, 
period by period. Purchasing would like to be aware of those long 
lead tiaes that are required to avoid aissing potential custoaer 
orders in future. Marketing would like to aake valid custoaer 
delivery date proaises. Thus inventory aanageaent action, 
procurement action and manufacturing action, all these are 
directly or indirectly dictated by the contents of Master 
Production Schedule. In fact a HPS should not only be feasible 
but atist understand the realities of the aanufacturing floor. 
The MPS should be feasible in three ways; vis, availability of : 

- Material 

- Tiae 

- Production capacity. 

Each one of thea is equally iaportant. A lack of critical 
aaterial or lead tiae or capacity precludes production - and if 
MPS insists on such production it will incapacitate the MRP 
system in its priority planning function, leading to collapse of 
shop priority system. The aanufacturing organisation then reverts 
to fora: staging, stockouts, assembly shortages, hot lists, 
expediting and confusion which results in increase of 

aanufacturing costs. In such circumstances, the informal system 
takes over because the formal system of which the MPS is a 
critical part is not doing its job. 
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An important feature of capacity constrained MPS is 
the generation of feaaible capacity requirement plan for the 
work centres. This function is concerned with how to get 
the production built (with available resources) or more 
specifically how to schedule these work centres that typically 
cause bottleneck problems. Without the provision of adequate 
capacity or recognition of the existence of excess capacity, the 
benefits of an otherwise effective MPS cannot be fully realised. 
On one hand insufficient capacity will lead to deteriorating 
delivery performance, escalating work-in-process (UIP) and 
frustrated manufacturing personnel, who will quickly turn back to 
informal system to solve the problems. On the other hand excess 
capacity is needless expen/se that can be reduced. 

It needs to be pointed out that an MRP system is capacity 
insensitive. It will process the MPS through its logic 
without checking whether the plan is feasible on manufacturing 
shopfloor or not. However, by inputting a valid and realistic 
Master Production Schedule an MRP system can be made to carry out 
its functions with greater efficacy. 

1.3 Hierarchy Of Decisions Involved in Capacity Constraint MPS: 

Capacity Planning and Control Study Guide, published by 
APICS (March, 1975) discusses the following hierarchy of 
decisions for the preparation of feasible capacity 
requirement plan (which is the outcome of feasible MPS). Figure 
1.1 shows MRP and other modules of an integrated production 
system. Starting from the overall plan of the resources, 
proceeding to a rough cut evaluation of capacity implications 
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of A particular HPS, there after aovin£ to the detailed 
evaluation of capacity requirenenta based upon detailed HEP 
records, continuing to finite loading procedures and ending with 
input/output technique to help Monitor the plan. The basic 
structure of the decision process as depicted in Fig 1.1, aore or 
less, holds good for aost of the Manufacturing systeas. However, 
the aethod of HPS preparation differs froa one concern to other 
and we cannot expect any two firas to have the saae process of HPS 
preparation. 

1.3.1 Links To Other Systsa Hodulss: 

Resource Requireaent process is directly linked to 
production planning aodule. This process . is highly aggregated 
and is a long tera capacity planning decision. 

In figure 1.1, Rough Cut Capacity Planning (RCCP) and 
Capacity Requireaent Planning (CRP) are the other two iaportant 
coaponents of the capacity planning process. RCCP and CRP are 
linked with HPS and HRP respectively. The linkages are shown as 
double headed arrows for a very specific reasons. There aust be a 
correspondence between the capacity required to execute a 
Material plan and that nade available to execute the systea. If 
the correspondence does not exist, the plan will either be 
iapossible to execute or inefficiently executed. Either HPS or 
capacity plan should be changed to sake the plan feasible. 

Substantially aore detailed capacity planning is possible 
using CRP techniques. CRP generates tine phased capacity 
requireaent at various work centres. The data files used by CRP 
are work-in-process, routing, scheduled receipts, and planned 
orders. 
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Hierarchy Of Decisions Involved In Preparation Of 
Capacity Constraint ed UPS. 













The finite loading can be better viewed aa ahopfloor 
scheduling technique. Input/output analysis provides a aethod for 
monitoring the actual consumption of capacity during the 
execution of HPS plan. 

The primary interaction among the various decision levels 
discussed above is hierarchial : resource planning sets 
constraints on short to medium range capacity planning, which 
in turn constraints detailed scheduling and execution on the 
shopfloor. 

1.4 Objective and Scope of Thesis: 

The present work deals with the "Design and Development 6f 
Capacity Constrained Master Production Schedule for MRP System". 
The design and development of such a system involves several 
hierarchial decisions as depicted in Fig 1.1. A survey of 
literature indicated that various investigators have developed 
models and approaches for dealing with the various modules 
indicated in Fig 1.1. However, there seems to be lack of a 
systematic approach integrating resource planning, rough cut 
capacity planning and capacity requirement planning for the 
generation of a capacity constrained MPS to support the MRP 
system. 

Given the demand forecast of each product over the planning 
horizon and the product structure along with the product resource 
requirement profile the resources required at various work centres 
are calculated to support the average production level of each end 
product. The required resources are compared with the available 
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resources a.n<l effective production targets are calculated for each 
product. 

Next, the process of production levelling is carried out to 
generate levelled production schedule for the shopfloor. Such a 
schedule is referred as ’Perspective NFS' which is further used 
for the purpose of rough cut capacity planning. The rough cut 
capacity planning checks the feasibility of perspective HPS on 
critical work centres. Critical work centres are those which for 
want of adequate capacity to support the perspective UPS cause 
bottleneck problens on the shopfloor. At rough cut capacity 
planning the perspective IfPS is further nodified to generate 
period wise feasible production schedule. For this purpose 
sethodology proposed by Sadowski et. al . [18] has been used with 
certain nodif ications . The feasible production schedule is 
translated into tine bucket wise schedule to support the NRP 
system. The conversion process is accomplished through a 'Quantity 
Conversion Process' for which methodology proposed by Gassner [10] 
has been used. The time bucket wise schedule developed from the 
quantity conversion process is termed as ’ Authorised NFS' . The 
authorised MPS is inputted into MRP system to generate the time 
phased requirement of item/component /raw material. Several lot 
sizing techniques are incorporated for determining the scheduled 
planned order requirements. The time phased capacity requirements 
at each work centre are generated next, using scheduled planned 
order requirements. This process is referred as Capacity 
Requirement Planning for which a modified version of the 
methodology proposed by Vollmann et. al . [22] has been used. 
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The systea designed h&s been prograaaed using Turbo Pascal 
Versin 3.01 and is iapleaented on PC XT/AT. 

1.5 Organisation of Thesis: 

In chapter II a brief review of the iaportant literature on 
HEP, Capacity Constrained HPS and Lot sizing techniques has been 
discussed. 

Chapter I It deals with the aethodologies developed for the 
design of the capacity constrained MPS systea. The iapleaentat ion 
details are presented in chapter IV. The details of the results 
obtained for a saaple problea are given in the fora of an 
appendix. 

In chapter V the conclusion of the study are presented along 
with scope for further work. 
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CHAPTER II 


LITERATURE REVIEW 

Lot of literature is available on the wide spectrum of 
areas with which the present work deals with. A detailed review 
of literature was undertaken. However, in the following sections, 
a brief review of the important literature on material requirement 
planning, capacity constraint MPS and lot sizing techniques used 
in MRP system is presented. 

2.1 Material Requirement Planning System: 

Since MRP system demands handling of large amount of 
data at high speed its growth has paralleled developments in 
computer technology. Its origin in 1960 was in line with the 
movement towards the acceptance of quantitave management 
tools that need the digestive power of computer. Early 
spokesmen for MRP included G.W. Plossal, J.A. Orlicky and 
O.U. Wight. The first book on the subject was written by 
J.A. Orlicky in 1970. The MRP concept were nurtured effectively 
by the American Production and Inventory Control Society 
(APICS) in 1960 by what is called MRP crusade. 

Several organisations now offer software packages and 

consulting services for MRP implementation [3]. MRP system for 
large companies have been developed by large software Qov 

software and hardware ) houses which maintain consulting staff 
to assist firms with implementation. Software for microcomputers 
have been, to date, developed primarily by -smaller firms which 
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provide 


1 np 1 en en t a t i on 


do not have the capability to 
conaultation and training. Theae packagea are later cuatoaeriaed 
to a buyer ’a needa. 

Rigga [16] while quoting Orlicky, auggeata that aucceaaful 
HRP uaer enjoya a reduction in aanufacturing inventory inveataent 
load of 20% to 30%. Other claiaed benefita are in reduction of 
production and purchaaing coat and iaproved delivery aervice. 
However, all HRP iapl eaentationa have not been aucceaaful, and at 
leaat one aource indicat ea that proportion of aucceaaful HRP 
ayatea ia aa low aa 5% [1]. Uhile carrying out awitch over froa 
traditional inventory control to an HRP ayatea huaan relation and 
technical difficultiea have to be fraught with. Ploaaal and 

Uight [15] atate that ”... there ia treaendoua application 
potential for HRP. There have been a nuaber of highly aucceaaful 
coapaniea and a great nuaber of coapaniea have not really been 
able to uae the tool effectively.” Further they point out, ”It ia 
eaay to aee how coapaniea can aanage poorily without HRP, but 
it ia hard to aee how they can aanage well without it.” 

HRP haa gone through aany atagea in ita evolution. In late 
1970 'a Uight and Ploaal began to talk about cloaing the loop in 
HRP ayateaa. The cloaed loop HRP ayatea ia a ayatea built around 
aaterial requireaent planning and alao including the additional 
planning fuctiona of production planning (aggregate planning), 
aaater production acheduling and capacity requireaent planning. 
Further, once the planning phaae ia complete and plan haa been 
accepted aa realiatic and attainable, the execution functiona coae 
into play. Theae include the ahop floor control functiona of 
input-output aeaaureaent, detailed acheduling and diapatching. The 
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t«ra *cloa«d loop" Inplios that not only are these elenents 
included in the overall systea but also that there is feedback 
froB the execution functions so that the planning can be kept 
valid at all tiaes. 

Later MRP evolved into MRP II: Manufacturing Resource 
Planning. Here also the aain contributors were Uight and Plossl. 
MRP II is a aethod for the effective planning of the resources of 
a aanufacturing fira. Ideally, it addresses operational planning 
in units, financial planning in rupees, and has a siaulation 
capability to answer "what if" questions. It is aade up of a 
variety of functions, each linked together: bussiness planning, 
production planning, aaster production scheduling, MRP, capacity 
requireaent planning, and even the execution support systea for 
capacity and aaterial. MRP II is a direct outgrowth and extent ion 
of closed loop MRP system. 

2.1.1 Nervousness In M R P: 

The major problem in implementation of MRP system is 
"Nervousness ", i.e. instability in the MRP plans. The MRP 
plan can change the quantity and timing of planned orders even 
though there are not significant changes in the MPS. Several 
recent papers have examined this important problem of 
Nervousness in MRP system. Steele [17] has attributed changes in 
the MPS and dynamic lot sizing as the important contributors of 
nervousness in MRP systea. Berry et al. [2] and Vollaann et 
al.[22] have suggested that the nervousness of an MRP system can 
be considerably reduced by freezing the MPS, especially over the 
cumulative lead tiae of product. This approach is frequently used 
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in practice. In a ainulation study conducted by Ilinific and 
Heard [13], they observed that freezing the HPS has significant 
effect on HRP nervousness in addition to the lot sizing Methods 
eaployed. Kropp et al. [11] and Carlson [8] have Modified 
several lot sizing procedures used in rolling planning horizon 
environaents to incorporate the coat of changing MPS, there by 
alleviating nervousness by considering its economic effects. 
These procedures suffer fron the fact that in practice it is 
difficult to find the cost of changing MPS. 

In another siaulation study Sridheranet . al . [19] have 
compared the effect of freezing planned orders and freezing 
number^ of planning periods on nervousness. Their study showed 
that freezing the number of planned orders gives better results 
than freezing a certain number of periods. However the results 
are sensitive to, viz; demand pattern, length of planning 
horizon, percentage of planning horizon freezed etc. 

2.2 Master Production Schedule Planning: 

The literature on master production schedule planning has 
been reviewed separately at strategic level and short term 
capacity planning level. 

2.2.1 HPS Planning At Strategic Level: 

At the strategic level the resources required are tested on 
critical machines which may cause bottleneck problems due to 
non-availability of adequate production capacity, before feeding 
the HPS to HKP processor. Vollmann et al. [22] have described 
several models, viz, 'capacity planning using overall factors ', 



’capacity bill’ and ’raaource profile aethod’ for capacity 
planning at strategic level. 

Capacity planning using overall factors (CPOF) is 
relatively simple approach to rough cut capacity planning in 
which the data is obtained from HPS. First it calculates the 
capacity requireaents for the stated production schedule for the 
overall plant based on the historical data about the nan-hour or 
machine-hour required for each end product. The second step 
involves using historical ratio to allocate the total capacity 
required each period to individual work centres. The historical 
percentage of the total direct labour-hour worked during the prior 
years is used to determine allocation ratio. 

Capacity bill procedure provides a much more direct link 

between individual end products in the UPS and the capacity 

required at individual work centres. It takes in to account 
any shift in product nix. It requires more data than CPOF. Bill 
of material, routing data and direct labour and machine hour data 
must be available for each operation for this method. It first 

involves development of bill of capacity. Bill of capacity 

indicates the total standard time required to produce one end 
product in each work center required in its manufacture. Once the 
bill of capacity for each end product has been prepared, the HPS 
can be used to estimate the capacity requirements at individual 
work centers. 

Resource profile takes into account specific timing of the 
projected work load at individual work centres. In developing 
resource profile production lead time data are taken into account 
to provide time phased projection of the capacity requireaents 



for individual production facility. Uhen lead tiaea are lar^e 
this aethod gives better results than other aethods. 

Sadowski et al. [183 have proposed a aethodology to aid in 
the capacity planning effort at the strategic level. A general 
aodel is foraulated which allows the coaputation of aachine 
requireaents at the end product level. Procedures for 
eliaination of non-key aachines, deteraination of effective 
production capacity are presented. This aethodology needs user's 
interaction in selecting the product for adjusting the production 
level if capacity available is inadequate to support the requested 
production in a period. This aethodology has been used in the 
present work and above deficiency has been taken care by 
incorporating a priority rule for selecting the product for 
production level adjustaent. 

Bernard et al . [4] have developed a aethodology for overall 
analysis of coaplex production systea using Q-GERT network 
aodelling and siaulation. Q-GERT is a derivative of GERT network 
modelling. Q-GERT is suitable as a framework for analysis and not 
as solution technique. As such it is a aodel in which solution to 
individual problem can be explored, tested, and evaluated. The 
results of the system can be applied to production planning, 
job design, system design etc. 

2.2.2 UPS Planning At Capacity Planning Level: 

The major problem in capacity requirement planning is 
scheduling planned orders so that capacity requireaents lie 
within feasible range. If available capacity is exceeded 
management can respond by shifting soae production or by 
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chan^infi capacity ( add overtime etc ). If production is 
shifted there is a chance that some other capacity problem will be 
caused at some other production stages / or in some other time 
period. Furthermore some shift may be preferable to other yielding 
fewer late deliverie s, less inventory cost or fewer expedited 
orders. Hence a method for allocating production within 
available capacity is needed. HRP II system do explicitly 
include a rough cut capacity planning phase before bill of 
material (BOH) explosion, but they do not give model based 
assistance to the manager in the process. 

Steinberg and Napier [20] presented an integer programming 
formulation to the lot sizing problem without work center 
capacity constraint. 

Collier [9] studied the interaction of lot sizing and 
capacity planning and observed that certain lot sizing 
techniques could lead to more erratic capacity usage. However, 
B€illington, McClain, and Thomas [7] claimed that batching may 
either help or hurt the capacity usage pattern. 

Very few results are available on the three way interaction 
of lead time, lot sizing and actual capacity usage with the 
complex (generalised) product structure. Bellington et al.[6] 
have formulated capacity / lot sizing / lead time problem as 
Mixed Linear Programming problem which they call MRP-ILP. Since 
an MRP plan is a rolling schedule the size of the problem becomes 


very large. For 

want of an 

efficient method 

of 

solving 

the 

problem, the 

approach is 

not suitable 

for 

real 

life 

implementation. 
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the 


Belt [5] in his description of the dileaaa of 
planning stated that HRP and capacity planning have not been 
well integrated. 


2.3 Lot Sising: 

Lot sizing is used to nininize the sun of setup cost 
(fixed or ordering cost) and inventory carrying coats. This is, 

I 

undoubtedly, the best-researched aspect of naterial 

requirenent planning [14]. Lot sizing techniques have been 
proposed for single stage and nulti stage production system 
considering capacity limitation, lead time aspects etc. The 
literature available on lot sizing problems in multi stage 
production systems with capacity limitation and lead time 
consideration has already been presented in the previous section. 

Kami [12] and Sunderson [21] have proposed heuristics for 
single stage planning system. Kami has considered single facility 
capacity constrained problem and has developed a heuristic for 
solving it while Sunderson has developed two heuristics for 
multi-facility capacity constrained problem. 

The moat widely recognised approaches to lot sizing are 
as follows: [14] 

1. Fixed order quantity (FOQ) 

2. Economic order quantity (EOQ) 

3. Lot for lot (LFL) 

4. Fixed period requirement (FPR) 

5. Period order quantity (POQ) 

6 . Least unit coat (LUC) 

7. Least total cost (LTC) 
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The total production requirenent placed on the plant la 
terned aa Schedule of Factory Requlreaenta . It goea aa an input to 
Reaource Requirenent Planning Syaten along with product atructure 
and reaource profile for each it en/coiaponent . 

The Reaource Requirenent Planning (RRP) uaea operationa 
data at end Iten level l.e. it requires standard and setup tines 
for each end iten at those work centres where it is processed. 
These aggregate data are obtained fron product atructure and 
resource profile data. RRP constitutes production level target 
setting, calculation of resources required to support the 
target production and testing the resources required against 
resources available. 

For initialising RRP syaten the initial production target for 
each product is set at the average requirenent of the product over 
the planning horizon, derived fron the schedule of the factory 
requirenents. These production targets for each product are tested 
against resources available. If the resources available are not 
sufficient then either the production targets or 
resource available are adjusted to nake the production plan 
feasible. The outputs of RRP are feasible production targets for 
each end product. The feasible production targets are 
inputted into production levelling process. 

The production levelling process reschedules the production 
of each product in each period so that production in nininun 
nunber of periods deviates fron target production level, ensuring 
that nininun anount of inventory is carried fron one period to the 
next. The output of the production levelling process is terned as 
Perspective MPS and it is inputted into rough cut capacity 
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Fig 3.1 

Flow Diagram For The Development 0£ Capacity Constrained MPS 
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planning systen. 

At the rough cut capacity planning, the perspective MPS ia 
tested at critical work centres. As such rough cut capacity 
planning systeoi constitutes the resource testing at critical 
work centres and adjusting the production to aake it feasible on 
these work centres. The output of this process is the period wise 
production schedule of each product. 

The period wise production schedule ia converted to tine 
bucket wise production schedule based on factory calender. The 
tine bucket wise schedule is termed as authorised hPS . It is fed 
into the n£P system. 

Authorised MPS is inputted into MRP system to generate time 
phased requirements of manufactured components and purchased 
materials and to schedule planned orders by using the selected 
lot sizing technique. Any of the nine lot sizing policies 
described later in section 3. 8. 3. 6 can be selected for this 
purpose. 

The time phased requirement of components generated by MRP 
system and their resource profiles are fed into capacity 
requirement planning system to calculate the capacity requirement 
at each work centre in each time bucket. If capacity at any work 
centre in any time bucket is exceeded then it can be adjusted by 
changing MPS or lot sizing policy applied to schedule the 
planned orders. It can also be taken care by providing over time 
at the work centres. 

In the following sections, the methodology for the 
development of capacity constrained MPS is discribed in detail. It 
is discussed under four major modules of the hlerarchial decision 
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•akinfi process, viz; 

1. Resource Requlreaent Planning 

2. Rough Cut Capacity Planning 

3. Katerial Requirenent Planning 

4. Capacity Requirenent Planning. 

3.4 Notations : 

The following variables and parameters will be used in the 
models development described in the later sections: 

Amount of product j scheduled for production in time period k 

0^^ Standard operation time in minute required on work centre i 
•per product J 

Tj Effective target production level for product j 
Demand forecast for product j in time period k 

Efficiency of work centre i (standard vs actual) 

actual/available productive hours 

Available man/machines in work centre i 

Estimated failure allowance on work centre i 
S^j Set-^up time in minute required on work centre i for 
product j 

If Total number of work centres 

N Total number of products 

K Total number of time periods 

3.5 Resource Requirement Planning : 

In Resource Requirement Planning the available capacity is 
compared with the capacity required to fullfil the demand 
requirements. The proposed methodology does not optimize the 
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utiliaation of reaourcea but only helps in obtaininft the realistic 
data for use in Roufih Cut Capacity Planning. The various steps 
involved in the resource requirement planning module are described 
below: 

3.5.1 Production Target Setting : 

The desired target production for each product is 
calculated as the average requirement of the product over the 
planning horizon. For these production targets the number of 
man / machine required at each work centre is calculated. 
For each work centre (U.C.) resource planner can compare the 
resources and reschedule them. Uith the rescheduled resource 
level the effective production targets are recalculated. 

3.5.2 Resource Requirement Calculation: 

Additional Notations : 

Desired production target level of product j 
H Average number of working days in a planning horizon 

period 

Uorking time available per day for work centre i in 
minutes 

Total variable time in minute required on work centre i by 
product j 

Total time in minute required on work centre i by product j 
Number of man/machine required in work centre i 
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The eatinated total variable tine required at work centre 
i by product j ia : 




The total tine required by product J on work centre i is 
obtained by adding set-up tine to equation (1). 


”ij =Vij "^ij 


The total variable work load on work centre i , , la given 


N 

E V,. 

J=i 


Sinilarly, the total work load on work centre i ia obtained fron 


u, = E u, 


The nunber of nan/nachine required at work centre i , 




H U, 


3.5.3 Calculating Production Target: 

Uith the given resources the production level adjustment 


factor for work centre is calculated as : 
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Uhere, C ia estimated shop load factor. It is an estimate of the 
maximum utilisation that could be expected for any work centre 
under normal operating conditions. 

The effective capacity adjustment factor for the shop is 
then computed as follows: 

Z* = mine Z ) 
i 

If the resulting value is greater than 1.0 than the given 
capacity is more than the required capacity for desired 
production targets. However, if it is less than 1.0 the desired 
production targets can not be met. The effective production 
target is found by multiplying the production level by Z* for 
all those products which are processed on work centre for which 
Z^ = Z* . Again, Z* and corresponding work centre is identified. 
This process is repeated till Z* > 1. The final set of values 
for effective production targets are denoted by T^, j= 1,2,..N. 

3.6 Production Levelling 

The aim of production levelling is to level the production 
of each product over the planning horizon to remove the peaks and 
spikes in the production. The benefit of levelled production is 
that it generates uniform capacity requirement on the shop floor. 
An algorithm has been developed for t&ia purpose. 

The basic inputs for generating levelled production are the 
requirements in each period, effective production targets. 
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befilning on hand inventory and safety stock for each product. The 
output of the process is a scoothed and levelled production 
schedule for each product. 


Additional Notations : 

Ending inventory without backlog - safety stock, in period k 
for product j 


Qj Safety stock for product j 

On hand inventory at the beginning of planning horizon for 
the product j 

The various steps of algorithm are as follows. 

Consider any product j. 


steps : 




1 . Set A ., 

jk 


for k = 1 to K. 


2. Calculate 

11 

a 

-^1 


3. Calculate 


^j.k-1 ^jk ■ ^jk 

“ “j.k-i > " 


^jk ^jk ■ °jk 


^J.k-1 ° 


for k = 2 to K. 

4. Scan from last period K to period X s^ch that : 

>0 for k = X to K 

and I i . < 0 

J,x-1 •“ 


5 Set - mln(I^j^) k = X to K 

6. Repeat steps 2-5 until X = K. 


7. Set A,, = A., - I,, 

jk jk jk 

for 

'jk < “ 

II 

> 

for 

■jk >= 
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The methodology further assumes that all parts for an 


end 


product can be produced and the product assembled in a single time 
period. Since the methodology is developed as strategic 
planning tool the smallest time period would probably be one 
month . 


Finally methodology does not directly consider the 
effect of material handling, queueing delays, or material 
availability. The effect of material handling, queueing and 
material availability is assumed to be contained in the 
manufacturing lead times and the user’s estimate of shop load 
factor of the system under analysis. The shop load factor is an 
estimate of the maximum utilization that could be expected for 
any work centre under normal operating conditions. 

The methodology is presented in three stage. The first 
stage is the formulation of the general model which allows the 
computation of the estimated fraction of time required on each 
work centre for a stated production plan. The second stage 
presents a procedure which allows the elimination of non-key 
or non-constraining machine from further analysis. The third 
stage provides a procedure for adjusting the production level 
based on the identified critical machines. 

Additional Notations : 


Ik 


^ijk 


Available production time in minute on work centre 1 in time 
period k 

Estimated total variable time in minute required on work 
centre i by product j in time period k 
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Eatlaated total tine in ninute required on work centre i by 
product J in tine period k 

jj^ Eatinated capacity fraction required on work centre i 
by product J in tine period k 

3.7.2 Fornulation of Problen 

The eatinated total variable tine required on work centre i 
by product j in tine period k ia conputed aa followa: 


V 


ijk 


OAF 
ij jk i 


E 

i 


( 6 ) 


Adjuating thia eatinated variable tine to include aetup yielda 
the eatinated total nachine tine utilized on work centre i by 
product J in tine period k : 



^ijk ^ij ^jk 


( 7 ) 


where, 


X 

Jk 



if product j ia produced in tine period k 
otherwiae 


The reaulting U, ,. value providea an eatinate of the total 
tine required which includea the atandard operation tine adjuated 
by the efficiency, the aetup tine and an eatinate of the failure 
tine. The eatinated required capacity fraction by product can 
then be conputed aa followa: 

R = U / H (S) 

ijk ijk ik 
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Slfliilarily the equivalent values for all products can be 
calculated as: 


1 .k 


N 

E V 

J = 1 


N °ij ^jk 


i jk 


E - 

J=i 


(9) 


N 


N 


U. ,, 

1 . k 


^ V + 2 S. . X.. 

J — ^ i-.k Jrr^ 


( 10 ) 


i .k 


= «i.k 


/ H.. 

ik 


N 

2 

i=l 


R. .. 
1 jk 


( 11 ) 


where, represents the estimated fraction of time required on 

work centre i in time period k for the stated production plan. 


3.7.3 Identification Of Critical Uork Centres: 

The following procedure was developed to identify the set 
of critical machines which may create capacity problem. Since 
the product mix may vary over the time frame under consideration, 
it is necessary to consider all possible combinations of 
product mix. The worst case would be to examine all time 
periods to determine the maximum amount of each product to be 
produced and calculate the required capacity fraction for this 
worst case product mix. 

Let R^ be the capacity fraction for work centre i for the worst 
case product mix and minimum available time in a period over the 
planning horizon. 
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R. 

1 


N 

1 

j = l 


0 , A . F . 

1 J j ■ X 


+ S, .X. 
ij J. 


H, 

i 


urhere , 



= Max 

(Aj^, Aj2, 



* ■ ’ ^jk 

«i. 

= Min 

(Hi,. H,2, 

*^i3 

• ‘ ’ ®ik 



if A is 

positive 


X 

= i 

j- 



j- 

b 

otherwise . 




( 12 ) 


The fliaehlnes which have values of less than the selected shop 
load factor are eliminated from further consideration. The choice 
of the shop load factor dependents on the anticipated congestion 
within the system being analyzed and may range from 0.65 to 0.95. 
The lower values represent systems with irregular flows and many 
potential conflicts while the higher values represent systems with 
smooth flows and high potential machine utilization values. As 
long as the product mix does not vary beyond the maximum values 
of production volumes used in the previous computations, it is 
not necessary to repeat this stage. 


3.6.4 Computing the Production Adjustment: 

The previous procedure allows the user to identify the 
critical machines and to compute whether or not a system has the 
available capacity to produce a given production level. In order 
to compute the effective capacity it is necessary to estimate the 
shop load factor which defines maximum or effective capacity and 
increase, or decrease, the production level to achieve that 



on 


value. Since the de£ree of adjustment is only dependent 
the variable components, all of the critical machines must be 
considered. The potential adjustment per machine is computed as 
follows : 


'ik 


N 

CH - £ S. . X.^ 


i .k 


(13) 


where, ~ production level adjustment factor for work centre i 

in time period k and C = estimated shop load factor. 


The’ effective capacity adjustment factor Z for the 
entire system in time period k can then be computed as follows: 


Z_k = minCZ^j^, 


Zw, ) . 
Mk 


If the resulting value is greater than 1.0, the effective 
production capacity is greater than the requested production. If 
the value la leas than 1.0, the requested production can not be 
met. Thus the resulting percent of increase, or decrease, in the 
production level in time period k is : 


(l-Z J^)100 


The effective capacity for time period k is found by 
multiplying the resulting Z ^ value by the amount of product 
j scheduled for production in time period k, for those products 
which are processed on the work centre for which ^ Ic* This 
method reduces the production of all such products by same 


proportion . 
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Alternatively, the production of the selected products cAn be 
reduced keeping the production of other products conatsnt. A 
priority rule has been developed to select the product for 
reducing the overall production. The product for which the 
factor given below is highest is selected for reducing the 
production. 




for period k under consideration. 


Let the product selected by the above criterion be identified 
as '1’. All such work centres on which product '1' is processed 
are identified as S. For each *i’ work centre contained in S 
production adjustment factor is calculated using the following 
relationship. 


y 


ilk 


^ilk " ^-«ik - “i.k 


V 


ilk 


(14) 


Effective capacity adjustment factor is: 

Y = mine Y ); i « S 

.Ik ilk 

The modified production schedule for product '1' is 
max{ y . A,. , T,}. The process of selecting the product and 

reducing the production is repeated till Y becomes equal to 

or greater than 1.0 or the production of all products has been 
reduced to effective production target level. If the production of 
all the products has been reduced to target production level and 
value of Y . is still less than 1.0 then the production level is 

• JL JKt 
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further reduced by decreasing the production of the products by 
sane proportion. As discussed in the first option for product 
ad justoient . 

The laodified master production schedule obtained after rough 
cut capacity planning is inputted into MRP system. 

3.8 MRP System 

3.8.1 Prerequisites and Assumptions : 

The following are the prerequisites and the assumptions of 
the MRP system developed. 

1. Each Inventory item must be unambiguously identified 
through a unique code (part number). 

2. Availability of inventory records for all items under the 
system’s control. 

3. For system’s effective operation, file data Integrity 
pertaining to inventory status data and the product struclure is 
needed because MRP can even process faulty data. 

4. Lead times for all inventory items are known and can be 
supplied to the system. 

5. All the components of an assembly are needed at the time 
of assembly order release. 

6. Disbursement and usage of materials is assumed to be 
discrete. 

7. Process dependencies ( eg. set-up dependencies ) are not 
considered. 
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The iB&in inputs to an MRP system are : MPS, product 
structure of each end Item and inventory status data. 

3. 8. 2.1 Master Production Schedule 

MPS fed into MRP system is obtained after resource 
requirement planning and production levelling. This MPS gives 
planning period vise production schedule. But MRP system 
requires time bucket wise production schedule of the items. 
This is done by quantity conversion process which is discussed in 
detail in later section of the chapter. 

Independent demand for components which includes service 
part requirements, inter plant requirement etc. is also 
Inputted into the MRP system. 

3. 8. 2. 2 Product Structure 

It gives the information regarding the relationship 
between components and assemblies i.e. which 
component /8ub~assembly goes where information. The format 
used here for the representation of product structure is called 
the single-level implosion format. This format is that of a 
where-used list. The product structure is stored as a table 
showing the list of all the parents (on the immediate higher 
level only) for each item. 

3. 8. 2. 3 Inventory Status File : 

This contains individual item inventory records 
containing the statue data required for the determination of the 
requirements, such as part code, lead time, cost data, on hand 
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1. The order quantity. 

2. The timing of the required order completion (due date). 

3. The timing of order release. 

The first two tasks are accomplished by lot sizing and the 
third one by time phasing. 

3. 8. 3. 6 Lot sizing: 

In material requirements planning, whenever there is a net 
requirement for a material, a decision must be made concerning 
how much of the material to order. These decisions are 

commonly called lot sizing decisions. In produce-to— stock firms, 
the size of production lots is primarily a question of 
economics. 

As discussed in the literature review, all lot 

sizing techniques are imperfect and their performance depends 
on the set of input parameters. For this reason a number of lot 
sizing techniques which are used in practice are incorporated. 

Lot for Lot (LFL) : 

This provides period-by-period coverage of net 

requirements, and the planned order quantity always equals the 
net requirement of the corresponding period. The use of this 
technique minimizes inventory carrying coat. It is often used 
for expensive purchased items, and for any items, purchased or 
manufactured, that have highly discontinuous demand. That is, 
items in high volume production and items that pass through 
specialized facilities geared to continuous production 

(equivalent to permanent setup) are normally ordered lot for lot. 
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Fixftd Ordtr Quantity (FOQ) : 

The order eize equals an integer multiple of a specified 
quantity. This is used where the item has to be 

purchased/manufactured in certain fixed quantity only. This 
policy would be applicable to items with ordering coat 
sufficiently high to rule out ordering in net requirement 
quantities, period by period. 

Nlnimum Order Quantity (MOQ) : 

In this approach, whenever an order is launched, it has to 
be greater than or equal to a specified minimum quantity. 

BOO : 

The concept of EOQ can be incorporated into the MRP 
system. The value of EOQ is to be computed first and then the 
orders are to be planned with EOQ as the minimum quantity to be 
ordered. The EOQ is based on an assumption of continuous, steady- 
rate demand, and it will perform well only where the actual 
demand approximates this assumption. But the demand in MRP is 
both discontinuous and non-uniform. The more discontinuous and 
non-uniform the demand, the less effective the EOQ will prove to 
be . 

Modified EOQ : 

The EOQ is computed and rounded to an integer value. Net 
requirements are accumulated until it exceeds EOQ. Let period ’n’ 
be the period in which this occures first. Let the ordering point, 
the period in which we are trying to determine the order quantity 
be denoted by ’m’ . Compute : 
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n 

Qj “ ^ **1 * Qj exceeds EOQ 

n-1 

^2 ~ ^ is less than EOQ 

i=tt ^ 2 

where, denotes the net requlreaent In the period 1. The order 
quantity is either Qj^or Q^, which ever is closer to EOQ. If EOQ is 
exactly half-way between Qj^ and then the order quantity is 

chosen to be 

Fixed Period Requirexents (FPR) ; 

In this approach, the total of net requirenents of a 
specified fixed number of periods is to be ordered at every 
ordering point. In fixed order quantity approach, the ordering 
quantity is constant and the ordering intervals vary, while in 
fixed period requirements approach, the ordering interval is 
constant (except when there is a zero requirement in a given 
period, which will extend the ordering interval) and the 
quantities are allowed to vary. 

Period Order Quantity (POQ) : 

This approach is based on the logic of EOQ, modified for 
use in an environment of discrete period demand. EOQ is first 
computed to determine the number of orders per year that 
should be placed. Then the number of planning periods is 
divided by this quantity to determine ordering interval. The 
POQ technique is identical to FPR except that the ordering 
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interval is computed. Since this is a fixed interval technique, 
it avoids 'remnants’ in an effort to reduce the inventory 

carrying cost. For this reason, POQ is more effective than 

the EOQ, as setup cost per year is the same but carrying coat 

will tend to be lover under POQ. 

Least Unit Cost ( LUC) ; 

In this approach, in determining the order quantity, 

the LUC technique asks whether this quantity should equal the 
first period’s net requirement or whether it should be 

increased to cover the next period’s requirement also, or the 
one after that also etc. The decision is baaed on the unit coat 
(i.e. set-up and inventory carrying cost per unit) computed for 
each of the successive order quantities. The one with the 
least unit cost is chosen to be the order quantity. 

Least Total Cost (LTC) : 

This approach is based on the rationale that the sum of 
set-up and Inventory costs are as nearly equal as possible. 
This is achieved through the computation of the so called 
economic part-period factor or EPP. The EPP is defined as the 
quantity of the inventory item which if carried in inventory for 
one period would result in a carrying cost equal to the set-up 
cost. It is computed by the formula given below. 

EPP = S / I 

where S = set-up cost 

I = Inventory carrying cost/unit/period 
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The LTC technique aelecte the order quantity at which the 
part-period coat moat nearly equala the EPP. 

Modifled LTC: 

In thia approach, the EPP and part-perioda are conputed aa 
uaual . The order point (m) and the order quantity are deterained 
uaing the above mentioned LTC procedure. Let the net requirement 
in the period ’m’ be 'd’. The modification ia that, if the 
condition 

d > EPP 

ia aatiafied then an order ia placed in period ’m’ for that 
period only (I- •6- the order quantity equala d). 

Uaing the lot aizing for lower level componenta, aome MRP 
uaera believe that exceaaive inventory build upa in lower level 
componenta can reault. Some MRP uaera argue, however, that 
exceaaive inventory levela are not reached. The per unit coat 
of lower level componenta leada to higher lot aizea and 
conaequently higher inventory levela. Theae MRP uaera content 
that higher inventory levela of lower level componenta ahould not 
be aurpriaing or diaturbing; the economic lot eizing of all 
levela of componenta ia therefore recommended. 

The tendency, in practice, ia to uae Lot-for-Lot (LFL) at all 
levels for produce-to-order firms. Also, LFL is used in 
produce-to-stock firms for end items and assemblies and minimum 
order quantity lot sizes are used for lower level componenta. 
The use of LFL in end items and assemblies avoids the inventory 
build-ups in lower level components described above. 



3. 8. 3. 7 Tiae Phasina : 


The planned order releasee are computed £roa the 
planned order coverage by offsetting for the lead time i.e. by 
subtracting the value of the lead tine from the order completion 
time. This process is called time phasing. 


3. 7.3.8 Explosion of Requirements : 

The explosion of the requirements from the MPS down into the 
various component material levels, is guided by the inventory 
records. Gross requirements for higher-level items are processed 
against inventory to determine net-requirements, which are then 
covered by planned orders using lot-sizing. The planned order 
releases are determined by time-phasing process. The quantity and 
timing of planned order releasee determine, in turn, the quantity 
and timing of component gross requirements. This procedure is 
repetitively carried out for the items on successively lower 
levels until a purchased item is reached. The requirements 
planning process stops when all the explosion paths that follow 
the branches of the product structure have reached purchased 
items. 

There will be recurrence of requirements for a given item if 


it has more than one parent. Hence, an item record has to be 
processed only after all its parent records are processed. This 
is achieved by using the so called low-level coding. The actual 
coding system is discussed in next chapter. 


3.9 Capacity Requirement Planning (CRP) : 

The purpose of capacity planning is to check the 
feasibility of the MPS and generate the time phased requirement 
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of capacity in various work centres to execute the HRP plan. 


. 3.9.1 Input To CRP : 

1. Full parts MRP explosion, material plan and planned order 
schedule for it ems/ components . 

2. Resource profile for each item/component. 

Resource Profile : 

Resource profile or part route data contains the standard 
and setup times for an item / component in each of its lead 
time period on all the work centres where it is to be 
processed. 

Table 1. Resource Profile (An Illustration) 


Item/ component code :xxx 

Lead Time : 2 
Time in minute. 


U.C. Code 

1 

Std. time 

Lead time 

Setup time 

Period 

Std. time 

2 

Setup time 

1001 

2.2 

40 

5.0 

30 

1002 

1.2 

10 

1.1 

50 

1009 

2.3 

4 

23.3 

120 


3.9.2 Output Of CRP : 

The output of CRP module is the load profile ( Time phased 
capacity requirement) for each work centre. 

In the present system the facility of graphical 
representation (Histogram) of capacity required vs capacity 
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available for each work centre haa been provided. It helps in 
quick assesment of the capacity plan. 

3.10 Evaluation Of Alternate MPS : 

The capacity plan and aaterial plan generated depend on the 
MPS, lot sizing technique applied to schedule the planned 

order, lead tine and route sheet of iten/conponents . The 

factors that can be varied in the present system to generate the 
alternate capacity and material plan are MPS and lot sizing 
technique applied to schedule planned orders. 

For a given set of inputs following values of performance 
criteria are calculated : 

Number of over load work centre 

Number of over load work centre periods ( sum of the total 

number of periods on all work centres where over loading 

occur- ;S ). 

Maximum overall over load 

Histogram of capacity available vs capacity required for 
each work centre also helps in evaluating capacity plan. 

If the plan is infeasible due to inadequate capacity 

available in the shop then the shop load factor supplied at 

rough cut capacity planning stage is changed to get an alternate 

MPS. If the capacity plan is highly fluctuating and erratic then 
various lot sizing technique are tried for scheduling the planned 
orders. 

The details of Implementation of the proposed capacity 

constrainted MPS methodology are discussed in chapter IV. 



con't&in too many number of fields in a record because the file is 
opened and closed many times during the operation and if the file 
size is large it will take more time in loading, writing and 
closing the file. On the other hand, the number of files should 
not be too large, because then too many files will be opened and 
closed frequently. The data base has been designed keeping these 
points in view. 

4.4 Coding System for Item Code: 

The code (part number ) of an item is a field with four 
characters. The first character indicates the level at which the 
particular item is present in the product structure. The item/s 
in top most level start with letter A, while the item/s in the 
second level start with letter B and so on. The second and third 
characters in the code identify that item among other items 
present at the same level. The fourth character indicates whether 
the item is an end item, sub assembly or purchased material. The 
fourth charcter should be E for an end item, S for a 
sub-assembly, P for a purchase item. 

Uhen the same item exists at several levels in the product 
structure i.e., the item has multiple parents at different level, 
there will be recurrence of gross requirement. This problem is 
solved by employing the so called low level coding technique. The 
first character should correspond to the lowest level at which the 
inventory item appears in the product structure. After the inputs 
are taken from the user, the records of MRP data file are sorted 
on the item code. Then the sequential processing on this sorted 
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file will ensure the level by level process to run correctly. 


4.5 Data Files: 

The system stores data in six data files. These 
are file of records. The data files used are oma. <iat, 

OrLtLoal. dat, aKop. dot. Operation, dat, Mrpdata. dat and 

Miae.dat. These data files are explained below. 

1. Dmd.dat: Key field: Product code. This contains data about 
demand forecast and prodution schedule for each product i.n each 
period of planning horizon. 

2. critical.dat: Key field: Uork Centre code. It contains (data 
of those machines which are likely to cause bottleneck probleifes on 
the shbp floor. All the fields of the record are calcolatadf. by 
the system Itself while running rough cut capacity plamiing 
module. 

3. Shop.dat: Key field: Uork centre code. This contain^' 

details of each work centre, its capacity and parforsianca; 
parameters like efficiency , failure allowance etc. 

4. Operation.dat : Key fields: Machine code, product code. It 

contains aggregate data about time consumed ( standard and setup: 
time) by each product on various work centres where it is 
processed. They are used by resource requirement planning and 
rough cut capacity planning module. All the desired data is 

obtained from product structure file and resource profile for each 
item/ component. 
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5. Mrpdata.dat: Foreign Key: Product code. Key Field rlteia Code 
It contains data about product structure and the resource profile 
of the each item/ component. Unique identifier for each record is 
item code. The records are sorted on item code. It also contains 
details of Inventory status of each item/ component. 

6. Misc.dat: It contains only one record which has the details 
about factory calender, current number of planning period and time 
buckets and number of planning periods etc. 

4.6 Implementation Features: 

The system implemented is menu driven. The opening menu (main 
menu) has three options: 

Database creation 
Editing database 
and CCMPS development. 

4.6.1 Database Creation: 

Four basic data files created by the user are: 

Production Schedule data file (Dmd.dat) 

Uork centre data file (Shop.dat) 

Product Structure, Item status and resource profile 

data file (mrpdata.dat). 
Calender for the factory (Misc.dat) 

Every attempts has been made to make data entries fool 
proof.. However, user has to be careful about the validity and 
integrity of data among the files, i.e., data in various files 
should relate to only one integrated manufacturing system. 
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4.6.2 Edit Database: 

It helps in updating and browsing the database files. Here 
the following facilities are provided. 

1. Browse data base 

2. Change a record 

3. Delete a record 

4. Add a record. 

4.6.3 MPS Developnent: 

It has sub-stodules as : 

Resource Requirement Planning 
Rough Cut Capacity Planning 
MRP process 

Capacity Requirement Planning 
Performance Report. 

Resource Requirement Planning: 

This module is interactive. It first assumes production 
target level as the average product demand over the planning 
horizon. Here, the user has to supply shop load factor and 
interact through following four options: 

1. List overload work centres 

2. List underload work centres 

3. Change the capacity of a work centre 

4. Recalculate the effective production targets 

The capacity of each work centre planned at this process is 
considered Inflexible in further preperation of MPS. 
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Roufth Cut Capacity Planninfi; 

It calculates the feasible production schedule for each 
period for user supplied shop load factor. If the capacity is 
inadequate in a period to support the developed production 
schedule the user has two options for changing product nix and 
production level. 

1. Change the production of each product by the sane proportion. 

2. Change the production by the priority rule inplenented in the 
systen. 

HPS Processing : 

It explodes product structure and generates tine phased 
naterial requirenent for each iten/conponent . It provides the 
option for applying a particular lot sizing technique to schedule 
the planned orders. All the nine lot sizing techniques discussed 
in section 3. 8. 3. 6 have been inplenented. Facility has been 
provided for advancing the HR? systen by one tine bucket. 

Capacity Requirenent Planning: 

This nodule generates tine phased capacity requirenents for 
each work centre using the planned orders scheduled by HRP 
processor and resource profile for each iten/ conponent . It 
provides the following two options to the users. 

1. List overload work centres 

2. View histogran of capacity available Vs. Capacity 

required for a work centre. 
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Performance Report: The following performance reports are 
generated for the capacity plan. 

* Number of overload work centres. 

* Number of overload work centre periods 

* Maximum overall overload 

4.7 Limitations of the System; 

1. The data item specified as integer can not exceed the value 
32767. This limitation is imposed by the programming language 
used (Ti*rbo Pascal Version 3.01). 

2. Replanning of the MRP system is restricted to advancing the 
time frame by one bucket bucket at a time. 

3. The proposed system can support a maximum of 26 Bill of 
Material Levels and a maximum of 17576 items. 

4.8 TESTING; 

A number of problems of varied product structure were tested 
on the CCMPS system. All the data were generated hypothetically. 
Results of a typical test problem are given in appendix I. 
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CHAPTER V 


CONCLUSIONS 

Using Turbo Pascal Version 3>Ult & systeo for " Capacity 
Constrained Master Production Schedule for MRP syateffi” has been 
developed. 

The proposed systen in its present fora can support a maxiaua 
of 26 levels in the product structure. Further the aaxiaua number 
of items can not exceed 17576. A modular approach has been adopted 
for the development of the four basic decision making modules, 
viz.. Resource Requirement Planning, Rough Cut Capacity Planning, 
Material Requirement Planning and Capacity Requirement Planning. 
The user can vary the shop load factor and choice of lot sizing 
technique for individual item/ component to study their 
implications on the loading of the various work centres. The 
system has the capacity to graphically display period wise 
capacity required vs capacity available on each work centre. Every 
effort has bean made to make the developed system user friendly. 



58 



9. 


Collier, D. , "Coapariaon of Lot Sizing Hethoda Conaidering 
Capacity Change Coat", Hanageaent Science Sept. 1973. 


10. Gaaaner R., "Haater Production Scheduling Planning**, John 
Uilley & Sona, Inc. New York , 1986. 

11. Kropp D.H., Carlaon R.C., and Jaaea V., "Heuriatic Lot Sizing 
Approach for Dealing Uith MRP Syatea Nervouaneaa” , Deciaion 
Science, 14, 1983. 

12. Kami R. , and Roll Y. , "A Heuriatic Algoritha for the Multi 
Itea Lot Sizing Problea Uith Capacity Conatrainta" , I IE 
Trane, 14, 1982. 

13. Minific J.R., and Heard E.D., "On the Generalization of MRP 

Siaulation Reaulta”, Engineering Coata and Production 
Econoaica, 9, 1985. 

14. Orllcky J. "Material Requireaent Planning : A New Uay of Life 
in Production and Inventory Manageaent” , McGrav Hill Book 
Co., New York, 1975. 

15. Ploaaal G.U., and Uight O.U., "Deaigning and lapleaenting a 
MRP Syatea", Preaented at APICS International Conference, 
Cincinnati, O.H. , Oct. , 8 , 1970. 

16. Rigga J., "Production Syatea Analyaia and Control", Third Ed., 
Uilley Eaatern, 1984, 462-461. 

17. Steele D.C. , "The Nervoua MRP Syatea : How To Do Battle", 
Production and Inventory Manageaent Vol 16, No. 4, 1975. 


61 



18. Sadowakl R.P., Uall«r P.M., and McN«*l«y R.A., "A 

Conat rained Machine Model for Calculating Effective 
Production Capacity**, Coaputer and Induartrlal Engineering, 
Vol 5, Mo. 5, 1985, 173-182. 

19. Sridharan V., Berry U.L., and Udaybhanu V., "Freezing the MPS 
Under Rolling Planning Horizon**, Management Science , Vol 33, 
No 9, Sep . 1987. 

20. Steinberg E., and Napier H.A., **0ptiaal Multi Level Lot 
Sizing for Requlreaent Planning System**, Management Science, 
Vol 26, Dec 1980. 

21. Sundereon J., **Lot Sizing in MRP Uith Capacity 
Consideration**, Unpublished M.Tech Thesis, 1985, IME Deptt., 
IIT Kanpur. 

22. Vollmanm T.E., Berry U.L., and Uhybark D.C., **Manufacturing 
Planning and Control System**, Richard D. Irwin, Homewood ,IL, 
1984. 


62 



APPENDIX I 


The results of a sample problem run on the system are shown 
below. 


INPUT DATA ! 

Length of a period = 1 month 
Length of a time bucket = 1 week 
Number of products = 3 
Number of work centres = 6 
Number of periods in planning horizon = 8 
Number of time buckets for MRP explosion = 11 


Demand Forecast Data! 

Product 


Period | 

1 

X01 1 

1 1 

X02 1 

X03 

1 

1 

t 1 

1400 

1 1 
1652 

1500 

s 

1652 

1324 

1623 

3 

1873 

1342 

1432 

4 

1600 

1763 

1866 

5 

1500 

1234 

1543 

6 

1452 

1985 

1752 

7 

1265 

1543 

1542 

8 

1642 

1865 

1965 

Product 


Quantity on hand 

X01 


500 


X02 


600 


X03 


300 




A-1 



Safety stock 

300 

400 

100 



Work Centre Database : 


W.C.Code I 

Efficiency | 

No . of 

Man/Machine | 

Working 
Hour/Day ] 

Failure 

Allowance 

M1 

0.98 

/ 

14 

8.0 

1.1 

M2 

0.98 

10 

7.0 

1-05 

M3 

0.98 

11 

8.0 

1.1 

M4 

0.9 

11 

7.0 

1.07 

M5 

0.95 

14 

8.0 

1.02 

M6 

0.95 

11 

7.0 

1 .03 


Product structure Diagram: 

qty. denotes the number of an item that are required to make 
one unit of its parent item. 


End Product X01: End Product X02: 
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Product Structure And Resource Profile Data 


1 . 


Item Code : AAAE 
Product Code : X01 



Set up 

cost (Rs) : 400.0 

Inventory carry 

cost/unit/week (Rs) : 1.0 


Lead 

Time (LT) s 1 week 

Resource Profile : 


All times 


LT 

period 1. 

W.C. Code Std. Time 

set up Time 

Ml 

5.0 

10.0 

M3 

8.0 

29.0 

M4 

14.0 

30.0 


Item 

Code 

AABE 

Product 

Code 

X02 

Set up cost 

(Rs) 

450.0 

Inventory carry cost/unit/week 

(Rs) 

2.0 

Lead Time 

(LT) 

2 wee 


Resource Profile : 

LT period 1. 


All timer in minutes. 
LT period 2 


W.C. Code Std. Time Set up Time Std. Time 


M3 

2.0 

23.0 

1.0 

Ml 

5.0 

12.0 

5.0 


Item 

Code 

AACE 

Product 

Code 

X03 

Set up cost 

(Rs) 

650.0 

Inventory carry cost/unit/wesk 

(Rs) 

3.0 

Lead Time 

(LT) 

1 wee 


Set up Time 


11.0 

12.0 
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Resource Profile : 


All times in minutes. 


LT period 1. 



W.C . Code 

Std. Time 

Set up Time 



M2 

3.0 

11.0 



M1 

5.0 

14.0 


4. 


Parent 

Parent 

Item Code : 
1/Quantity : 
2/Quantity s 

BAAS 

AAAE /3 

AABE /2 



Set up 

cost (Rs) : 

450.0 


Inventory 

carry cost/unit/week (Rs) : 

Lead Time (LT) : 

5.0 

1 week 

Resource Profile : 

All times 
LT period 1. 

in minutes. 


U.C. Code 

Std. Time 

Set up Time 


M1 

10.0 

37.0 



M3 

17.0 

28.0 


5. 


Parent 

Parent 

Item Code s 

1 /Quantity! 

2 /Quantity! 

BABS 

AAAE / 1 

AABE / 2 



Set up 

cost (Rs) ! 

700.0 


Inventory 

carry cost/unit/week (Rs) ! 

5.0 


Lead Time (LT) 


2 week 


Resource Profile s 


LT period 


LT period 2 


I.C. Code 

Std. Time 

Setup Time 

Std. Time 

Setup 

M4 

5.0 

20.0 

0 

0 

M5 

15.0 

25.0 

0 

0 

Ml 

0 

0 

14 

29 


A-4 - 


6 


Item Code 
Parent / Quantity 
Set up cost <Rs) 
Inventory carry cost <Rs) 
Lead Time (LT) 


BAGS 

AAAE / 2 

50.0 

1.0 

1 week 


Resource Profile 


All times in minutes. 




LT 

period 1. 


W.C. Code 

Std. Time 

Set up Time 


M2 

10.0 

25.0 


M6 

8.0 

28.0 

7. 

Inventory 

Item Code sBADS 
Parent / Quantity sAABE / 3 
Set up cost (Rs) : 100.0 
carry cost/unit/week (Rs) s 5.0 

Lead Time (LT) i 1 week 

Resource Profile : 

LT 

period 1. Alltimes in 


W.C. Code 

Std. Time 

Set up Time 


M5 

11.0 

21.0 


M8 

7.0 

28.0 

8 . 

Inventory 

Item Code sBAES 
Parent / Quantity sAACE / 1 
Set up cost (Rs) : 500.0 
carry cost/unit/week (Rs) s 1.50 

Lead Time (LT) s 1 week 

Resource Profile : 

LT 

period 1. Alltimes in 


W.C. Code 

Std. Time 

Set up Time 


M5 

10.0 

15.0 


M6 

9.0 

11.0 


minutes 


minutes 



9 . 


Item Code 
Parent 1 / Quantity 
Parent 2 / Quantity 

Set up cost (Rs> 

Inventory carry cost/unit/week (Rs) 

Lead Time (LT) 


CAAS 

BADS / 2 
AACE / 1 

150.0 

4.0 

1 week 


Resource Profile 


All times in minutes. 
LT period 1. 


W.C. Code 

Std. Time 

Set up Time 

M5 

10.0 

20.0 

M4 

5.0 

28.0 

M6 

9.0 

34.0 


10 


Item Code 
Parent / Quantity 
Order cost (Rs) 
Inventory carry cost/unit/week (Rs) 

Lead Time (LT) 


:CABP 
sBADS / 1 
: 500.0 
! 2.0 
s 2 week 


11 


Item Code 
Parent / Quantity 
Order cost (Rs) 
Inventory carry cost/unit/week (Rs) 

Lead Time (LT) 


CACP 

BAES / 2 
1000.0 
2.0 
1 week 


12 


Item Code 
Parent / Quantity 
Order cost (Rs) 
Inventory carry cost/unit/week (Rs) 

Lead Time (LT) 


CADP 

BAES / 1 
50.0 
0.25 
1 week 


A-6 



Rough Cut Capacity Planning : 

Shop load Limit s 0.78 
Critical Work Centres! 

Work Centre Code 
M1 
M3 
M4 
M5 
M6 

Production Adjustment: 

Period 1 : 

Capacity available in period 1 is 0.96 times of the 
capacity for the requested production in the period. 

Production schedule for the period 1 is adjusted by 

Rule. 

Period 2: 

Capacity available in period 2 is 1.01 times of the 
capacity for the requested production in the period. 

No adjustment in production schedule needed. 

Period 3: 

Capacity available in period 3 is 0.88 times of the 
capacity for the requested production in the period. 

Production schedule for the period 3 is adjusted by 

Rule. 


Capacity Utilisation 
1.05 
0.88 
0.83 
0.87 
1 .03 
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Factor 


required 


Priority 


required 


required 


Priority 



Period 4 : 

Capacity available in period 4 is 0.88 times o-f the 
capacity for the requested production in the period. 

Production schedule for the period 4 is adjusted by 

Rule. 

Period 5: 

Capacity available in period 5 is 0.91 times of the 
capacity for the requested production in the period. 

Production schedule for the period 5 is adjusted by 

Rule . 

Period 65 

Capacity available in period 6 is 0.87 times of the 
capacity for the requested production in the period. 

Production schedule for the period 6 is adjusted by 

Rule . 

Period 75 

Capacity available in period 7 is 0.78 times of the 
capacity for the requested production in the period. 

Production schedule for the period 7 is adjusted by 


requi red 


Priority 


required 


Priority 


required 


Priority 


required 


Priority 


Rule . 


Period Ss 


Capacity available in period 8 is 0.7 times of the 
capacity for the requested production in the period. 

Production schedule for the period 8 is adjusted by 

Rule . 


The Production Schedule obtained after Rough Cut 

Planning is as follows! 

Product 

Period X01 X02 X03 

1 

1418 

1452 

1510 

2 

1479 

1517 

1578 

3 

1351 

1388 

1442 

4 

1548 

1488 

1527 

5 

1351 

1388 

1442 

6 

1273 

1330 

1383 

7 

1134 

1205 

1253 

8 

1222 

1254 

1304 

MRP system 

and CRP 

system has 

been run for two sets 

obtained by varying the 

lot sizing 

techniques applied to 


A-11- i 


requi red 

Priority 

Capacity 


of data 
schedule 


planned orders for an item. 



owing lot sizing techniques 


For the first 
have been applied. 
Item Code 


set of data foil 

Lot Sizing Technique 


AAAE 

AABE 

AACE 

BAAS 

BABS 

BAGS 

BADS 

BAES 

CAAS 

CABP 

CACP 

CADP 


EOQ 

LFL 

LFL 

FPR 


(fixed period value = 700) 


LFL 

Modified LTC 
LUC 

Modified LTC 
F0(3 


( order quantity = 1000) 

POQ 

LFL 

FOQ 

(order quantity = SOO) 


For the second set of data Lot for lot lot sizing technique 
has been applied to all the items for scheduling planned orders. 

The material plan and capacity plan for the two sets of data 
are shown later. 

The vertical height of the bar in the histogram shows capac 
in man hour or machine hour. Bar A shows available capacity 
whereas R denotes required capacity. 



RESULTS OF FIRST SET OF DATA FOLLOW 



UBih I 


Item code:AAAE Lead time: 1 

Safety stock: 300 Lot size: E 0 Q 


Beginning inventory: 500 


Period: 

1 

2 

3 

4 

Gross: 

321 

321 

321 

321 

Sch .Recpts : 

0 

0 

0 

0 

Net: 

121 

321 

321 

321 

Plan Recpts: 

121 

483 

483 

0 

Ending Inv.: 

0 

162 

324 

3 

Ord.Re lease : 

A 83 

483 

0 

483 


3 

6 

7 

8 

9 

10 

11 

320 

321 

257 

257 

321 

192 

237 

0 

0 

0 

0 

0 

0 

0 

320 

321 

257 

257 

321 

192 

257 

483 

483 

0 

483 

483 

0 

0 

166 

328 

71 

297 

459 

267 

10 

483 

0 

483 

483 

0 

0 

0 


Total cost of ordering and inventory carrying 


^ 487.00 


Or dersto be expedited: 

Art oraer of 1S1 to be released in period —1 for requirement in period 


press RETURN to continue 


TAELE 11 


Item code:AABE 
Safety stock: 400 


Lead time: 2 Beginning inventory: 600 

Lot size: Lot for Lot 


Period: 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Gross : 

330 

330 

330 

330 

329 

329 

263 

263 

329 

197 

264 

Sch .Recpts : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

Net: 

130 

330 

330 

330 

329 

329 

263 

263 

329 

197 

264 

Plan Recpts: 

130 

330 

330 

330 

329 

329 

263 

263 

329 

197 

264 

Ending Inv . : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Ord. Release : 

330 

330 

329 

329 

263 

263 

329 

197 

264 

0 

0 


Total cost of ordering and inveritory carrying : 4050.00 


Orders to be expedited s 

An order of 130 to be released in period -2 for requirement in period 
An order of 330 to be released in period ~1 for requirement in period 

press RETURN to continue 
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Table in 


Iteni codesAACE 
Safety stock: 100 



Period: 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Gross: 

343 

343 

343 

343 

342 

343 

274 

274 

343 

205 

274 

Sch .Recpts : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Net : 

143 

343 

343 

343 

342 

343 

274 

274 

343 

205 

274 

Plan Recpts: 

143 

343 

3A3 

3A3 

342 

343 

274 

274 

343 

205 

274 

Ending Inv.: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Qrd. Release: 

343 

343 

3A3 

3A2 

343 

274 

274 

343 

205 

274 

0 

Total cost of 

order 

ing 

and 

inventc 

iry 

carrying : 

6500.00 



Orders to be expedited : 

An order of 143 to he released in period —1 for requirement in period 1 
press RETURN to continue....... 


TABLE JV 


Item code:BAAS Lead time: 1 Beginning inventory: 100 

Safety stock: 10 Lot size: Fixed Period Requirements 


Period: 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Gross: 

2109 

2109 

658 

2107 

1975 

526 

2107 

1843 

528 

0 

0 

Sch. Recpts: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Net: 

2019 

2109 

658 

2107 

1975 

526 

2107 

1843 

528 

0 

0 

Plan Recpts: 

2019 

2767 

0 

4082 

0 

2633 

0 

2371 

0 

0 

0 

Ending Inv . : 

0 

658 

0 

1975 

0 

2107 

0 

528 

0 

0 

0 

Or d. Release : 

2767 

0 

4082 

0 

2633 

0 

2371 

0 

0 

0 

0 


Total cost of ordering and inventory carrying : 


Orders to be expedited : 

An order of 2019 to be released in period -1 for requirement in period 
press RETURN to continue.. 
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l^.bLE V 


[ten. coderBABS 
Safety stock: 10 


*1 ? Beginnii.g inventory: 100 

Lot size. Lot for Lot 


Period: 


Gross 

Sch.Recpts 

Net 

^lan Recpts 
Ending Inv. 
3rd. Release 


1473 1473 987 1470 1272 789 1470 1074 ~792’ 


^ooooo ooo 

1383 1473 987 1470 1272 789 1470 1074 792 
1383 1473 987 1470 1272 789 1470 1074 792 
OOOOOOO On 


987 1470 1272 789 1470 1074 79? 


fotal cost of ordering and inventory carrying 


8750.00 


Jrders to be expedited : 

order of 1383 to be released in period 
order of 1473 to be released in period 


-2 for requi r enient in period 1 
-1 for requirement in period S 


jress RETURN to continue 


T/ABLE VI 


[tern code:BACS Lead time: 1 Beginning inventory: 100 

Safety stock: 7 Lot size: Modified LTC 


Period: 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Gross : 

966 

966 

0 

966 

966 

0 

966 

966 

0 

0 

0 

Sch.Recpts : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Net: 

873 

966 

0 

966 

966 

0 

966 

966 

0 

0 

0 

Uan Recpts: 

873 

966 

0 

966 

966 

0 

966 

966 

0 

0 

0 

Inding Inv.: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Srd. Release : 

966 

0 

966 

966 

0 

966 

966 

0 

0 

0 

0 


fotal cost of ordering and inventory carrying : 250.00 

Srders to be expedited : 

Vi order of 873 to be released in period -1 for requirement in period t 
jress RETURN to continue....... 
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Iteni codesCAAS 
Safety stock: 


39 


IX 

Le^d time. 1 Beginning iriveiitory: 100 

Lot size: Fixed Order Quantity 


Period: 

Gross 
Sch .Recpts 
Net 

Plan Recpts 
Ending Inv. 
Ord. Release 


^ 6 7 a 

1663 1659 1659 1394 1395 1590 1062 1^9* 
® 0 0 0 0 0 0 0 

1602 1659 1659 1394 1395 1590 1062 1399 

1602 2000 2000 1000 2000 1000 1000 2000 

0 341 682 288 893 303 241 842 

2000 2000 1000 2000 1000 1000 2000 0 


205 

0 

205 

0 

637 

0 


10 

274 

O 

274 

0 

363 

0 


11 

O 

O 

O 

0 

363 

0 


Total cost of ordering and inventory carrying : 25815.00 

Orders to be expedited : 

An order of 1602 to, be released in period -1 for requirement in period 
press RETURN to continue 


T46LE X 


Iteni code:CABP Lead time: 2 Beginning inventory: 100 

Safety stock: 40 Lot size: Period Order Quantity 


Period: 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Gross s 

660 

658 

658 

526 

526 

658 

394 

528 

0 

0 

0 

Sch .Recpts : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Net : 

600 

658 

658 

526 

526 

658 

394 

528 

0 

0 

0 

Plan Recpts: 

600 

658 

658 

526 

526 

658 

394 

528 

0 

0 

0 

Ending Inv . : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Or d . Re 1 ease : 

658 

526 

526 

658 

394 

528 

0 

0 

0 

0 

0 


Total cost of ordering and inventory carrying : 3000.00 

Orders to be expedited : 

An order of 600 to be released in period -2 for requirement in period 
An order of 658 to be released in period -1 for requirement in period 

press RETURN to continue....... 
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i/JiLl XI 


Item codesCACP 
Safety stock: 25 


Lead time 
Lot size: 


‘ Beginning 

Lot for Lot 


iiiventor y : 


100 


Period: 

1 

2 

3 

4 

Gross : 

686 

686 

684 

1234 

Sch.Recpts: 

0 

0 

0 

0 

Net: 

611 

686 

684 

1234 

Plan Recpts: 

611 

686 

684 

1234 

Ending Inv.: 

0 

0 

0 

0 

Ord. Release : 

686 

684 

1234 

0 


^5 6 7 8 9 10 11 

0 548 1096 0 548 0 0 

0 0 0 0 0 0 0 

0 548 1096 0 548 0 O 

0 548 1096 0 548 0 O 

0 0 0 0 0 0 0 

548 1096 0 548 0 0 0 


Total cost of ordering and iiiventory carrying : 6000.00 


Orders to be expedited : 

An order of 611 to be released in period -1 for requirement in period 
press RETURN to continue 


T/ABlE XU 


Item code:CADP Lead time: 1 Beginning inventory: 100 

Safety stock: 25 Lot size: Fixed Order Quantity 


Period: 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Gross : 

343 

343 

342 

617 

0 

274 

548 

0 

274 

0 

0 

Sch.Recpts: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Net: 

268 

343 

342 

617 

0 

274 

548 

0 

274 

0 

0 

Plan Recpts: 

268 

800 

0 

800 

0 

0 

800 

0 

0 

0 

0 

Ending Inv.: 

0 

457 

115 

298 

298 

24 

276 

276 

2 

2 

2 

Or d . Re 1 ease : 

800 

0 

800 

0 

0 

800 

0 

0 

0 

0 

0 


Total cost of ordering and inventory carrying : 587.50 

Orders to be expedited : 

An order of 268 to be released in period -1 for requirement in period t 
press RETURN to continue....... 
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053- 
997- 
942- 
886 - 
831- 
775- 
720- 
665- 
609- 
554- 
498- 
443- 
387- 
332- 
277- 
221 - 
166- 
110 - 
55- 
M/H 
ime 5 
l4o 


A 1 R A 2 R A 3 
rk Centre sfll 


RA4RA5RA6RA7RA8RA9?A 

Press RETURN to continue.... 




FiQ A‘1 



ime: A 1 RA2pRnA3RA4RA SpRnA 6 R A 7 R A 8f-RiA 9pR-,A 1 pR-, A 
Work Centre !n2 Press RETURN to continue.... 


2 


1115- 
I056- 
997- 
939- 
880- 
821- 
763- 
704- 
645- 
587- 
528- 
469- 
410- 
352- 
293- 
234- 
176- 
117- 
58- 
M/H 

ime! A 1 R A 2 R A 3 R A ^‘r'a 5 
Work Centre :M3 Proc 


A 5 R A 6j-R-|A 7 R A 8 R A Rr-RnA I^RtA 
Press RETUf^N’to continue ^ ' ' ' 


383- 
362- 
342- 
322- 
302- 
282- 
262- 
241- 
221 - 
201 - 
181- 
161- 
141- 
120 - 
100 - 
80- 
60- 
40- 
20 - 
M/H 

ime: A 1 
Work 


RA2RA3RA4RA5RA6RA7RA8RA 9,-R-^A 1 j-R-j A 
Centre :M4 Press RETURN to continue.... 


Fi’a A'4 





PERFORMANCE REPORT 


Number of over load 
Number of over load 
Maximum over load at 


work centres 
work centre periods 
a work centre in a 


period 


5 

22 

2.67 


wo r 
M2 
i s 


Histograms of capacity plan sh 
k centres is very much erratic, 
and M3. In some of the periods 
very high and in some them it is 


ow that capacity requirement at 
particularly at work centres 
the capacity requirement 
almost zero. 
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RESULTS OF SECOND SET OF DATA FOLLOW 
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Item code:AAAE 
Safety stock: 300 


Tael £ xni . 


Lead time: 1 Beginiiing 

Lot siie: Lot for Lot 


inventory! 


SOO 


Period! 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Gross ! 

321 

321 

321 

321 

320 

321 

257 

257 

321 

19E 

257 

Sch .Recpts : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Net : 

121 

321 

321 

321 

320 

321 

257 

257 

321 

192 

257 

Plan Recpts! 

121 

321 

321 

321 

320 

321 

257 

257 

321 

192 

257 

Ending Inv . : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Or d. Re lease : 

321 

321 

321 

320 

321 

257 

257 

321 

192 

257 

0 

Total cpst of 

ordering 

and 

iiiventory 

carrying s 

4000.00 



Orders to be expedited : 

An order of 1S1 to be released in period —1 for requirement in 
press RETURN to continue 


TA&ie XIV 


Iteni code!AAPE Lead time: 2 Beginning itiventory: 600 

Safety stock: 400 Lot size: Lot for Lot 


Period! 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Gross! 

330 

330 

330 

330 

329 

329 

263 

263 

329 

197 

264 

Sch -Recpts ! 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Net! 

130 

330 

330 

330 

329 

329 

263 

263 

329 

197 

264 

Plan Recpts! 

130 

330 

330 

330 

329 

329 

263 

263 

329 

197 

264 

Ending Inv . : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Ord. Re lease : 

330 

330 

329 

329 

263 

263 

329 

197 

264 

0 

0 

Total cost of 

ordering 

and inventory carrying : 

4050.00 


Orders to be 

expedited 

m 









An order of 

130 to be 

released in period 

-2. 

for requirement 

in 

An order of 

330 to be 

released in period 

-1 

for requi refluent 

in 


press RETURN to continue 
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Item codesBADS 
Safety stock: 


20 


'TABLE xix 


Lead time 
Lot size: 


' Beginning 

Lot for Lot 


iiiventory : 


100 


Period: 

1 

2 

3 

4 

Gross : 

660 

660 

658 

658 

Sch .Recpts: 

0 

0 

0 

0 

Net: 

580 

660 

658 

658 

Plan Recpts: 

580 

660 

658 

658 

Ending Inv.: 

0 

0 

0 

0 

Or d-Release : 

660 

658 

658 

526 


5 

6 

7 

8 

9 

10 

11 

526 

526 

658 

394 

528 

0 

0 

0 

0 

0 

0 

0 

0 

0 

526 

526 

658 

394 

528 

0 

0 

526 

526 

658 

394 

528 

0 

0 

0 

0 

0 

0 

0 

0 

0 

526 

658 

394 

528 

0 

0 

0 


Total cost of ordering and inventory carrying 


800.00 


Orders to be expedited : 
An order of 580 to be re 

press RETURN to continue. 


eased in period -1 for 


requirement in period 


TABLE XX 


Item code:BAES Lead time: 1 Beginning inventory: 100 

Safety stock: 50 Lot size: Lot for Lot 


Period: 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Gross : 

343 

343 

343 

342 

343 

274 

274 

343 

205 

274 

0 

Sch .Re cpts : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Net: 

293 

343 

343 

342 

343 

274 

274 

343 

205 

274 

0 

Plan Recpts: 

293 

343 

343 

342 

343 

274 

274 

343 

205 

274 

0 

Ending Inv . : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Or d. Release : 

343 

343 

342 

343 

274 

274 

343 

205 

274 

0 

0 


Total cost of ordering and inventory carrying : 4500.00 


Orders to be expedited : 

An order of 293 to be released in period -1 for requirement in period 
press RETURN to continue 


A-28 



Item codesCAAS 
Safety stock: 39 


Period: 

Gross 

Sch.Recpts 

Net 

Plan Recpts 
Ending Inv. 
Ord. Release 


'XXI 

Lead time: 1 
Lot size: l nt 


0 


0 


0 


0 


0 


Beginning 

inventory: 

100 

for Lot 




'678 

9 

10 

11 

• 1590 1062 1399 

205 

274 

0 

*000 

0 

0 

0 

' 1590 1062 1399 

205 

274 

0 

' 1590 1062 1399 

205 

274 

0 

*000 

0 

0 

0 

' 1062 1399 205 

274 

0 

0 

carrying : 1350.00 



Total cost of ordering and inventory carrying : 

Orders to be expedited : 

An order of 1602 to be released in period -1 for requirement in period 
press RETURN to continue....... 


Table xxii 


Item code:CABP Lead time: 2 Beginning inventory: 100 

Safety stock: 40 Lot size: Lot for Lot 


Period: 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Gross : 

660 

658 

658 

526 

526 

658 

394 

528 

0 

0 

0 

Sch .Recpts : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Net: 

600 

658 

658 

526 

526 

658 

394 

528 

0 

0 

0 

Plan Recpts: 

600 

658 

658 

526 

526 

658 

394 

528 

0 

0 

0 

Ending Inv . : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Ord. Release : 

658 

526 

526 

658 

394 

528 

0 

0 

0 

0 

0 


Total cost of ordering and inventory carrying : 3000.00 


Orders to be expedited : 

An order of 600 to be released in period -2 for requirement in period 
An order of 658 to be released in period -1 for requirement in period 


press RETURN to continue 
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XKlll 


Item code-CACP 
Safety stocks 25 


Lead times -| 
Lot sizes Lot 


Beginning 

for Lot 


inventory 5 


100 


Periods 1 


2 3 


4 




9 


10 11 


Gross s 
Sch .Recpts s 
Net s 

Plan Recptss 
Ending Inv . s 
Ord. Release s 


686 686 
0 0 
611 686 
6 1 1 686 
0 0 
686 684 


Total cost of ordering 


684 686 548 548 686 

0 0 0 0 0 

684 686 548 548 686 

684 686 548 548 686 

0 0 0 0 0 

686 548 548 686 410 

and inventory carrying s 


410 548 0 0 

0 0 0 0 

410 548 0 O 

410 548 0 O 

0 0 0 0 

548 000 

8000.00 


Orders to be expedited s 

An order of 611 to be released in period ~1 


for requirement in period 


press RETURN to continue 


T48LE Xxiv 


Item codesCADP Lead time: 1 Beginning inventory: 100 

Safety stocks 25 Lot size: Lot for Lot 


Period: 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Gross : 

343 

343 

342 

343 

274 

274 

343 

205 

274 

0 

0 

Sch .Recpts ! 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Net : 

268 

343 

342 

343 

274 

274 

343 

205 

274 

0 

0 

Plan Recpts: 

268 

343 

342 

343 

274 

274 

343 

205 

274 

0 

0 

Ending Inv . s 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Ord. Release : 

343 

342 

343 

274 

274 

343 

205 

274 

0 

0 

0 


Total cost of ordering and inventory carrying : 400.00 


Orders to be expedited : 

An order of 268 to be released in period -1 for requirement in period 
press RETURN to continue....... 
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653- 
618- 
584- 
550- 
515- 
481- 
446- 
412- 
378- 
343- 
309- 
275- 
240- 
206- 
171- 
137- 
103- 
68 - 
34- 
M/H 

ime: A 1 
Work 


Centre ^M1 iJ^A 

Centre -Ml Press RETURN to continue.... 


332- 
315- 
297- 
280- 
262- 
245- 
227- 
210 - 
192- 
175- 
157- 
140- 
122 - 
105- 
87- 
70- 
52- 
35- 
17- 
•1/H 

ime: A 1 R A 2 R A 3 R A 4 R A 5 R A 6 R A 7 R A 8 R A 9 R A 1 pR-, A 
Work Centre :M2 Press RETURN to continue.... 









Number of ove 
Number of ove 
Maximum over 


f load work centres 
r load work centre periods 
load at a work centre in a 


period : 


Histograms of capacity plan show that capacity re 
centres is very much uniform compared to that in 

case 


A-34 


4 

E7 

1.40 

qui rement 
the 



Item codesBABS 

Safety stock: 


10 


Xvii 


Lead time: 
Lot size; 


2 Beginnirig 

Lot for Lot 


inventory: 


100 


Period: 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Gross: 

1311 

1311 

1308 

1307 

1110 

1046 

1244 

912 

984 

257 

0 

Sch.Recpts: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Net: 

1221 

1311 

1308 

1307 

1110 

1046 

1244 

912 

984 

257 

0 

Plan Recpts: 

1221 

1311 

1308 

1307 

1110 

1046 

1244 

912 

984 

257 

0 

Ending Inv.: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Ord. Release : 

1308 

1307 

1110 

1046 

1244 

912 

984 

257 

0 

0 

0 


Total cost of ordering and inventory carrying : 10000.00 


Orders to be expedited : 

ftn order of 12S1 to be released in period —2 for requirement in period 
An order of 1311 to be released in period —1 for requirement in period 

press RETURN to continue.. 


Kill 


Item code:BACS 
Safety stock: 7 


Lead time: 
Lot size: 

1 

Lot for Lot 

Beginning 

inventory: 

100 

Period: 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Gross ! 

642 

642 

642 

640 

642 

514 

514 

642 

384 

514 

0 

Sch .Re c pt s : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Net: 

549 

642 

642 

640 

642 

514 

514 

642 

384 

514 

0 

Plan Recpts: 

549 

642 

642 

640 

642 

514 

514 

642 

384 

514 

0 

Ending Inv.: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Ord. Release s 

642 

642 

640 

642 

514 

514 

642 

384 

514 

0 

0 


Total cost of ordering and inventory carrying : 450.00 

Orders to be expedited : 

An order of 549 to be released in period -1 for requirement in period 
press RETURN to continue 
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1 . 


The capacity of the work cei^rea is considered inflexible 
except overt i*e work. 

2. The resources are not transferable froa one work centre to 
the other. 

4. Back orders are not allowed. 

5. Machine setup is sequence independent at all work centres. 

6. Lead tiaes for production of coaponents and procureaent of 
aaterials are considered deterainist ic . 

7. Overtiae work is allowed to aeet the capacity requireaent 
at the short tera capacity requirement planning level. It is 
not considered while preparing MPS at strategic level. 

3.3 Overview Of MPS Preparation Procedure: 

The procedure followed for the developaent of capacity 
constrained MPS (CCMPS) for the systea under consideration is 
shown in Fig 3.1. 

The basic input required for the preparation of the MPS 
are the deaands or requirements of each end itea in each 
period of the planning horizon, resources available, product 
structure of each product and resource profile for all 
coaponents and end iteas. Product structure is structured list 
of all materials or parts needed to produce a particular finished 
product, sub-assembly, manufactured part or purchased part. Each 
item/ component inputted into the system is coded using low level 
coding systea discussed in section 4.6. Resource profile is the 
time phased requirements of the resources by an item/coaponent 
over its lead time. 
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Final Schedule : 


A,- 150 150 150 150 215 100 100 150 

This is the perspective HPS for product J and is fed as an 
input for Rough Cut Capacity Planning. 


3.7 Rough Cut Capacity Planning 


The aim 

of 

rough cut 

capacity 

planning 

is to 

teat the 

availability 

of 

critical 

machine 

resources 

for the 

desired 


production and adjust the production so as to make it feasible 
with in the given amount of resources. The critical machines 
are those which may cause bottleneck problems on the shopfloor. 
The proposed methodology is based on the work of Sadowski et 
al.[14] which has been extended to include Priority Rule for 
selecting the product and the amount of its production to be 
reduced to make the overall production feasible. 

3.7.1 Model Rationale And Assumptions: 

The methodology used is intended for manufacturing 
environment with well defined and stable product line. 

All times are provided in terms of the machine requirements 
for the end product. For example, if a set of machines produces 
four parts which are all assembled together to make one end 
product, then the time requirement for that machine for that end 
product is stated as sum of the times to produce the four 
individual parts. These times are also adjusted to account for 
more than one part required per end product. 
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3. 8. 3. 2 Gross Rsquirsxsnts ; 

This is the quantity of the item that will have to be 
issued to support a parent order. An end item is subjected to 
only independent demand and hence the UPS will give the gross 
requirements for that item. Any other item may be subjected to 
dependent demand from one or several parent items that use it 
in common, and it may also be subjected to independent demand 
generating from sources external to the plant. The gross 
requirement for this item will be the sum of dependent demand 
from all its parents and the independent demand. 

3. 8. 3. 3 Scheduled Receipts : 

These represent the material on order scheduled to arrive 
in the future periods. 

3. 8. 3. 4 Net Requirements : 

Net requirements are developed by allocating quantities 
in inventory to the quantities of gross requirements, in a 
level-by-level process. 

Net requirement = Gross requirement - Scheduled receipt 

- on hand quantity 

If the result obtained by the above formula is negative, the 
net requirement is zero. 

3. 8. 3. 5 Coverage of Net Requirements: 

In an MRP system, the net requirements are to be covered by 
planned orders i.e. new orders for the respective item scheduled 
for release in the future. To generate a planned order, the 
system must determine the following. 
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Int ernediat e stage to the lower decision systems. For processing 
HRP logic the regenerative MRP method is used. That is, it 
recalculates the whole material plan each time, it is run. For 
quickly evaluating the performance of the system the facility of 
plotting the histogram of capacity plan for each work centre i.e 
capacity available Vs. capacity required, has been provided. 
Shop loading factor, and lot sizing technique selected for each 
i t em/component can be changed to develop various MPS and the 
corresponding capacity utilisation. The various performance 
parameters, namely, number of overload work centres, total number 
of overload work centre periods and maximum overall overload can 
be used to evaluate alternate strategies. 


4.3 Database Design Issues: 

The basic design issues involved are: quick accessability , 
minimum repetition of data, file integrity, size of the data file, 
i.e. the number of fields in a record and number of files used. 
Quick accessability of data makes the operation of data searching 
fast. Minimum data repetition saves space for data storage. 
Validity and integrity of data is also maintained by minimum 
repetition of data, because if a piece of data is changed then it 
has to be changed in all the records where it is stored and this 
process is prone to mistake. In the present work the database 

I 

I has been normalized to third normal form. Data in a records is 

I 

i accessed through key fields and various files are linked together 
on foreign key fields to search the data from more than one file. 
The size of the file should not be too large i.e, it should not 
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Change in the Capacity Of Work Centres : 


Capacity of no work centre is changed. 

Calculation Of Effective Capacity With Available Resources: 

The feasible production targets for each product is set as 
f ol lows : 

Product Target Production Level 


X01 

X02 

X03 

Production Levelling Process: 

Levelled production for each 

Respective 

Produc 

Period X01 XOS 


1 

1479 

1517 

2 

1479 

1517 

3 

1767 

1517 

4 

1600 

1517 

5 

1500 

1517 

6 

1452 

1517 

7 

1428 

1541 

8 

1478 

1865 


A-8 


1479 

1517 

1578 


product is obtained as follows. 

M P S 

XOS 

1578 
1578 
1578 
1578 
1578 
1626 
1578 
1929 



Item codeiBADS 
Safely slock: 


20 


TAe,LE VII 

Lead lime: 1 

Lot size: Least Unit 


Beginning 

Cost 


inventory: 


100 


Period: 1 2 


Gross : 

660 

660 

Sch.Recpts: 

0 

0 

Net : 

580 

660 

Plan Recpts: 

580 

660 

Ending Inv . : 

0 

0 

Ord.Re 1 ease : 

660 

658 


3 

4 

5 

6 

658 

658 

526 

526 

0 

0 

0 

0 

658 

658 

526 

526 

658 

658 

526 

526 

0 

0 

0 

0 

658 

526 

526 

658 


7 

8 

9 

10 

11 

658 

394 

528 

0 

0 

0 

0 

0 

0 

0 

658 

394 

528 

0 

0 

658 

394 

528 

0 

0 

0 

0 

0 

0 

0 

394 

528 

0 

0 

0 


Total cost of ordering and iiiventory carrying 


800 . 00 


Orders to be expedited : 

An order of 580 to be released in period -1 


for requirement in period 


press RETURN to continue 


taele vm 


Item code:BAES 


Lead 

time : 

1 


Beginning 

iiiveniory 2 

100 

Safety stock: 

50 


Lot ! 

sizes 

Modified LTC 





Period: 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Gross s 

343 

343 

343 

342 

343 

274 

274 

343 

205 

274 

0 

Sch .Recpts : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Net: 

293 

343 

343 

342 

343 

274 

274 

343 

205 

274 

0 

=*lan Recpts: 

293 

343 

343 

342 

617 

0 

274 

548 

0 

274 

0 

Ending Inv.: 

0 

0 

0 

0 

274 

0 

0 

205 

0 

0 

0 

3r d. Release : 

343 

343 

342 

617 

0 

274 

548 

0 

274 

0 

0 

Total cost of 

0 rde ring 

and 

inventory ! 

carrying s 

4218.50 



3rders to b^ expedited : 

^n order of 293 to be released in period -1 for requirement in period 
>ress RETURN to continue ■ 
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